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[57] ~ ABSTRACT

A process for forming a WC-Mo C solid solution alloy
starts by first intensely milling, such as dry attritor mill-
Ing, Mo and W metal powders, followed by a homoge-
nization heat treatment of about 1400° to 1500° C. to
form an Mo-W solid solution alloy. The Mo-W solid
solution alloy is then crushed to form a fine powder and
mixed by ball milling with the appropriate amount of
carbon plus cobalt. The milled alloy powder is then
heated at approximately 1100° to 1400° C. to form the
desired WC-Mo C alloy.

14 Claims, No Drawings
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MOLYBDENUM MONOCARBIDE-TUNGSTEN
MONOCARBIDE SOLID SOLUTIONS

BACKGROUND OF THE INVENTION

The present invention relates to cemented carbides,
formed from molybdenum monocarbide-tungsten
monocarbide solid solutions, and specifically, to a new
and 1improved process for forming said solid solutions.

Cemented carbides are well known for their unique
combination of hardness, strength and abrasion resis-
tance and are, accordingly, extensively used for such
industrial applications as cutting tools, drawing dies,
wear parts, and other applications requiring these prop-
erties. They are produced by powder metallurgy tech-
niques 1nvolving the liquid phase sintering of one or
more refractory carbides of Groups IV, V and VI of the
Periodic Table with one or more of the iron group
metals. The iron group metal exists as a matrix or binder
in the sintered alloy and acts to bond or cement the
refractory carbide particles together.

Tungsten carbide (WC) compositions, the tungsten
carbide, having a hexagonal crystal structure, has been
preferred by those skilled in the art because of their high
strength and good abrasion resistance. Unfortunately,
however, tungsten is a relatively rare metal, and thus,
the use thereof in a tool greatly increases the cost of the
tool. Accordingly, it has become desirable to substitute
another less expensive metal for tungsten, while still
maintaining the high abrasion resistance and toughness
exhibited by tungsten carbide.

One metal which has been contemplated as a viable
substitute for tungsten is molybdenum. Such a substitute
has been suggested for several reasons. First, molybde-
num 1S adjacent tungsten in the Periodic Table, and

sometimes forms compounds with other elements

which are analogous to similar tungsten compounds and
which have similar physical properties. Second, molyb-
denum is a relatively abundant and inexpensive metal.

Numerous attempts have been made to synthesize the
molybdenum carbide (Mo C) analog to tungsten carbide
(WC), but for the most part, these attempts have failed
to yield homogeneous and defined products so that until
fairly recently, even the existence of the hexagonal
molybdenum monocarbide remained in question. It is
known that WC and Mo C form a series of continuous
solid solutions based upon the WC hexagonal crystal
lattice and efforts have been made to stabilize Mo C by
the addition of WC. However, the difficulty in prepar-
ing single phase monocarbides, and the experienced
instability of the solid solutions in the presence of cobalt
at temperatures in the range of 1350° to 1500° C. has
discouraged attempts to fabricate cemented carbides
containing Mo C. Until fairly recently, it was accepted
in the prior art that not more than 1-2 percent of the
- tungsten in WC could be exchanged with molybdenum,
and that the solid solution (Mo,W)C or Mo C did not
exist in the desired temperature range of 1200° to 1900°
C.

It has now been found that Mo C and single phased
(Mo,W)C solid solutions having greater than 1-2 per-
cent Mo can be prepared under certain conditions. Such
a teaching is disclosed in U.S. Pat. No. 4,049,380 to Yih
etal., issued Sept. 20, 1977, and entitled “Cemented
Carbides Containing Hexagonal' Molybdenum”. Said
reference, the teachings of which are incorporated
herein by reference, discloses that Mo C or the solid
solution (Mo,W)C may be prepared by heating a
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blended mixture of the desired gross components,
which may be powdered molybdenum and tungsten
metal and graphite, or a mixture of Mo>C, WC and
graphite in the presence of approximately 0.5 to 1.0
percent by weight of nickel or cobalt to a temperature
at which nucleation of the hexagonal Mo C phase be-
gins. More particularly, the reference teaches first form-
ing the cubic solid solutions (Mo,W)3C; or
(Mo,W)C;_« by heating the desired composition to
temperatures In excess of 1700° C., preferably in excess
of 2000° C. and then to lower the temperature to within
the stability domain of the hexagonal Mo C or
(Mo, W)C solid solution, and holding at this temperature
for several hours until the formation of the monocar-
bide is complete.

It 1s an object of the present invention to provide a
new and jmproved process for forming molybdenum
monocarbidetungsten monocarbide solid solutions, and
specifically, to provide such a process which can be
performed at temperatures significantly lower than the
1700°-2000° C. and excess temperature required in the
prior art.

SUMMARY OF THE INVENTION

In accordance with the above-recited objectives, the
present invention provides a new and improved process

- for forming a (Mo, W)C solid solution. Briefly, the sub-
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ject process begins with the step of intensely milling

molybdenum and tungsten metal powders, followed by
a homogenization heat treatment to form a solid solu-
tion Mo-W metal alloy. The heat treatment is con-
ducted at a temperature of above 1000°, preferably in
the range of approximately 1400°-1500° C. The Mo-W
alloy is then crushed into powder and thoroughly mixed

- with carbon and preferably 0.5 to 1.0 weight percent

iron, cobalt, or nickel. The Mo-W carbon (iron, cobalt
or nickel) mixture is then heated to a temperature in a
range of approximately 1100° to 1400° C., preferably,
1200° to 1300° C., thus forming the desired (Mo, W)C
alloy carbide.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention provides a new and improved
process for forming single phase solid solutions of
(Mo,W)C, and represents a significant improvement
over the prior art processes in that, inter alia, it is car-
ried out at substantially lower temperatures than said
known processes. The subject process can be used to
prepare solid solution alloys that span virtually the
compositional limits, extending from pure WC to about
WC-83.0 weight percent Mo C.

In accordance with the present invention, the first
step of the subject process comprises the step of in-
tensely milling molybdenum and tungsten metal pow-
ders. Preferably, the milling is a dry milling performed
In an attritor having 50 kg of MC-Co balls. In addition,
it is preferable that the milling be conducted for a per-
1od of approximately 30 hours at approximately 300
rpm. The milled molybdenum and tungsten metal pow-
ders are then given a homogenization heat treatment to
form a friable solid solution molybdenum-tungsten al-
loy. More particularly, the milled molybdenum and
tungsten metal powders are heated to a temperature
above 1000° C., preferably in the range of approxi-
mately 1400° to 1500° C., and most preferably, approxi-
mately 1450° C. for a period of about six hours to form
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a powder cake. X-ray diffraction "line-broadeninfg'te_ch-‘- __
niques show that the reacted product i1s a true solid’

solution alloy of molybdenum and tungsten. The pow-

der cake is then crushed to a fine powder, preferably at
least — 35 mesh. The next step in the subject process is

to thoroughly mix the crushed molybdenum-tungsten

‘alloy powder, preferably by ball miiling or attritor mill-
ing, for a period on the order of approximately six

hours, with the stoichiometric amount of carbon of the.
carbide to be formed, and preferably though not neces-
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in excess of 2000° C., the subject process employs tem-

| :peratures substantlally lower than 2000° C., the maxi-

mum ‘temperature contemplated in the subject process
being on the order of only 1500 C, and preferably, no

‘higher than 1450°C.

'While there have been deserlbed hereln what are at

- present considered preferred embodlments of the inven-
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sarily, with 0.5 to 1.0 weight percent iron, cobalt or

nickel. The molybdenum-tungsten carbon (iron, cobalt,

or nickel) mixture is then heated to a temperature in the
‘range of approximately 1100° to. 1400° C., preferably,
1200° to 1300° C. for a period on the order of approxi-
mately eight hours. The powder cake thus formed is the
desired molybdenum monocarbide-tungsten monocar-
_bide solid solution, which can be easily crushed to the
fine powder necessary for the produotlon of hard metal
alloy.

'For the purpose of better explalnlng the improved
process of the subject invention, reference is made to

the following examples.
EXAMPLE 1
In order to.prepare a solid solution alloy of Mo C-20
mole percent WC (31.2 welght percent WC) 8,112

grams of molybdenum powder and 3,888 grams of tung- -

sten powder were dry attritor milled with about 50 kg
of WC-Co balls for a period of 30 hours at 300 rpm. The
‘milled powder was then placed in molybdenum boats
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and heated to 1450° C. in one atmosphere of hydrogen

for about six hours. X-ray diffraction line-broadening

teehmques show that the reacted powder cake formed -

is a true solid solution alloy of tungsten and molybde-
num, specrfically, an Mo-20 mole percent W (32.4
weight percent W) alloy. The powder cake was then

crushed to fine powder, preferably at least —35 mesh;

5,424 grams of the above Mo0-20 mole percent W alloy
powder, 576 grams carbon and 60 grams cobalt were
then wet-ball-milled for a period of six hours to thor-
oughly mix the components. The ball-milled slurry was
then dried, screened, and put into graphite boats. The

tion, it will be obvious to those skilled in the art that
many modifications and ehanges may be made thereln
without departing from the essence of the invention. It

1s, therefore, to be understood that the exemplary em-
bodiments are 111ustrat1ve and not restrlctwe of the in-

vention, the scope of which is defined i in the appended
claims, and that all modifications that come within the
meaning and range of equwalency of the elarms are
intended to be included therein. |
What is claimed is: |
1L A _process for formlng a WC MoC sohd solutlon
alloy comprising the steps of: o -
(a) intensely milling Mo and W metal powders
(b) applying a homogenization heat treatment in the
range of approximately 1000° to. 1500”7 C. to said
milled Mo and W metal powders thus fomung a
Mo-W solid solution alloy; . ..
(c) crushing the Mo-W solid solutlon alloy to a fine
| powder
- (d) mixing the erushed Mo-W sohd solutlon alloy
powder with the stoichiometric amount of carbon
~ of the carbide to be formed; and - ... -
~ (e) heating the mixture of step (d) at apprommately
1100° to 1450° C. to forrn the desn'ed WC-Mo C.
alloy. . | ,
2. A process as remted in clalm 1 in whrch the milling

.in step (a) is a dry attritor milling.
35

3. A process as recited in claim 1 1n whlch the milling

. in step (a) is a-dry ball- mlllmg

- 4.-A process as reciteéd in claim 1. in whrch the homog-

o emzatlon heat treatment 1s performed at approxrmately

1450° C. . . .
3. A proeess as reotted n olann 1 in whloh the thor-

ough mixing in.step (d) is done by ball milling. |

6. A process as recited in claim 1 in which the tho'r-

.ough mixing in step (d) is done by attritor milling. -

resulting powder was heated to about 1250° C. in a -

hydrogen atmosphere for about eight hours. The pow-

‘der cake thus formed is the desired: Mo C-20 mole per-
cent WC alloy and can be easily crushed to the fine

powder necessary for the produetlon of "hard metal
alloy.

. EXAMPLE 2

It will be noted that if it were desired to form the
subcarbide solid solution alloy (Mo,W),;C, this could

‘eastly be done with the Mo-W solid solution alloy pow-

der formed in Example 1. More particularly, after a
Mo-W solid solution alloy powder has been formed in
accordance with the steps of Example 1, said alloy may

carbon, preferably by ball milling about six hours. The
milled mixture is then heated in an atmosphere of hy-
drogen at a temperature of approximately 1100°- to

1400° C., preferably 1200° to 1300° C., and most prefer-
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- .7. A process as recited in claim 1 in which 0.5 to 1.0
weight percent of a metal selected from the:group con-

- sisting of iron, cobalt :and nickel ismixed with the

S50

35

crushed Mo-W sohd solutron alloy powder and carbon

-mstep(d) o | SR

- 8. A process as. recited in claim 7 in. Wthh the metal
which is mixed with the crushed Mo-W solid. solution
alloy powder and carbon in step (d) is iromn. : -

9. A process as recited in claim 7 in which the metal
which is mixed with the crushed Mo-W-. solid solution
alloy powder and carbon in step (d) is cobalt.- -

10. A process as recited in claim 7 in which:the metal

- which is mixed .with the crushed Mo-W:solid solution

ably, at about 1250° C. thus forming the desired Mo;C- -

20 mole percent- W,C solid -solution -alloy. .
In summary, the subject Tinv‘enti'on-'provides a new
and improved process for forming a WC-Mo C solid

65

: alloy-?powder-. and carbon 1n step (d) is nickel.
be mixed with 33.3 atomic percent (5.0 weight percent) -

11. A process as recited in claim 1 in which the heat-
ing in step (e) is performed at a temperature in the range

of approximately 1200° to 1300% C.

12. A process as recited in claim 1. in which the mix-
ing in step (d) comprises the mixing of 50 atomic per-

“cent- Mo-W sohd solutlon alloy w1th 50 atom1o percent

. carbon.
13. A proeess for formlng a MC-Mo C solld solutlon

-, alloy comprising the steps of:

solution alloy. Whereas prior art processes require the: -

applhication of undesirably high temperatures typically: *

(a) intensely dry attritor mlllmg of Mo and W metal
powders;. | a y .
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(b) applying a homogenization heat treatment of ap-
proximately 1450° C. to said milled Mo and W
metal powders thus forming a Mo-W solid solution
alloy:;

(c) crushing the Mo-W solid solution alloy to a fine
powder of about —35 mesh;

(d) thoroughly mixing by attritor milling, the crushed
Mo-W solid solution alloy powder with the stoi-
chiometric amount of carbon of the carbide to be
formed and 0.5 to 1.0 weight percent of a metal
selected from the group consisting of iron, cobalt
and nickel; and

(e) heating the mixture of step (d) at a temperature in
the range of approximately 1200° to 1300° C. to
form the desired WC-Mo C alloy.

14. A process for forming a Mo C-20 mole percent

WC(31.2 weight percent WC) solid solution alloy com-

prising the steps of:

(a) dry attritor milling 8,112 grams of Mo metal pow-

der and 3,888 grams of W metal powder for a per-
i0od of about 30 hours at 300 rpm;
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6
(b) placing the milled Mo and W metal powders in

Mo boats;

(c) heating the milled Mo and W metal powders at a
temperature of approximately 1450° C. in an atmo-
sphere of hydrogen for about six hours to form a
Mo-20 mole percent W solid solution alloy;

(d) crushing the Mo-20 mole percent W solid solution
alloy to a fine powder of about —35 mesh:;

(e) thoroughly mixing 5,424 grams of the Mo-20 mole
percent W solid solution alloy powder with 576
grams of carbon and 60 grams of cobalt by wet-
ball-milling for a period of six hours so as to form a
slurry;

(f) drying the slurry formed in step (e) to form a
powder;

(8) screening the dried powder of step (f):; .

(h) placing the screened powder of step (g) into
graphite boats; and

(1) heating the powder of step (h) to about 1250° in

hydrogen for about eight hours.
® *x X &k %
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,257,809
DATED . March 24, 1981

INVENTOR(S) : Stephen J. Burden

It is certified that error appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 2, line 18, change "monocarbidetungsten' to
-- monocarbide-tungsten --;

Claim 13, line 1 change '""MC-Mo C" to -- WC-Mo C --.

Slgncd and Secaled this

Attest:

RENE D. TEGTMEYER

Attesting Officer Acting Commissioner of Patents and Trademarks
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